SEALING CONCEPTS FOR THE WIPP SITE

Introduction
The Waste Isolation Pilot Plant (WIPP) facility i s proposed for development in the southeast portion of the State of New Mexico.
The proposed horizon is in bedded salt located approximately 2150 ft below the surface. The purpose of the WIPP is to provide an R&D facility to demonstrate the safe disposal of radioactive wastes resulting from defense activities of the United States. As such, it will include a disposal demonstration for transuranic (TRU) wastes and an experimental area to address issues associated with disposal of defense high level wastes (DHLW) in bedded salt. All DHLW used in the experiments are planned for retrieval at the termination of testing; the TRU waste can be permanently-disposed of at the site after the pilot phase is complete.
The WIPP RGD program includes several programs relating to waste disposal issues: Thermal/Structural interactions between heat producing waste and the host rock, Plugging and Sealing requirements for long term waste isolation and Waste Package requirements for -4 -containment of heat producing wastes. These programs and the associated in situ testing at the WIPP location are described in Reference 1. This report addresses only the Plugging and Sealing program, which will result in an adequate and acceptable technology for final sealing and decommissioning of the facility at the WIPP site. The actual plugging operations are intended to be conducted on a commercial industrial basis through contracts issued by the DOE. This report is one in a series that is based on a technical program of modeling, laboratory materials testing and field demonstration which will provide a defensible basis f o r the actual plugging operations to be conducted by the DOE for final closure of the facility. The basic Plugging and Sealing program is contained in Reference 2 .
This report furnishes preliminary guidance for plugging and sealing* vertical (boreholes, shafts) and horizontal (tunnels, drifts) penetrations in the Waste Isolation Pilot Plant (WIPP).
Issues under current consideration for sealing activities are suggested as a basis for further development. The information presented is not intended a5 final criteria but as an initial concept allowing for periodic revisions and updates as new data are obtained. The ultimate goal is final plug designs. The report specifically addresses concepts pertinent to the lithology of the WIPP site.
*The terms flplugtl and are considered essentially synonymous in this paper; however, the authors' interpretation of the subtle distinction between the two is contained in Section 2.0.
-5 -This report begins with the premise that the primary function of a plug is to limit groundwater intrusion and subsequent egress from the facility and proceeds then to discuss how and where this flow can be controlled in each of the intended plugging formations (Rustler, Salado, Castile) at the site, and the nature of the manmade penetration under consideration (for example, vertical or horizontal) and the required preparation of the penetration for plugging. It ends with a recommended set of plugging criteria which should be considered in designing tests within the Plugging and Sealing technology development program. It is not intended to portray the final plug design at the WIPP site but rather to initiate activities leading to this final design.
Premise
--
For purposes of this paper, the primary function of a plug is to limit o r reduce the access of groundwater t o the facility horizon that could come in contact with the waste material.
It is worthwhile t o briefly discuss the basis for this premise.
First, at the WIPP site the storage medium is soluble rock salt (halite), which suggests that fluid barriers should be designed that limit the volume of groundwater accessible t o this formation. This barrier need not preclude groundwater from reaching the horizon, but it should reduce o r limit the amount. The consequences have been calculated for an open unplugged wellbore or shaft conducting -6-available groundwater at the WIPP site to and through the facility and the subsequent transport of radionuclides into the biosphere.
These calculations show that, even in the unplugged case, there would be no significant hazard from the standpoint of public health and ~a f e t y .~ Nevertheless, prudence dictates that wellbores intercepting the facility should be plugged before abandonment of the WIPP. This will provide greater confidence in waste containment and reduce the public perception of hazard.
Second, the calculational models assume that the flow of I groundwater through the storage horizon is a mechanism f o r transporting radionuclides into the biosphere. Limiting the volume of flow will retard the movement of radionuclides from the site, both in time and quantity. A barrier that prevents all groundwater from reaching the horizon (a ltperfectll seal), is an unnecessary constraint; such a flperfect't seal might not be achievable and it would be impossible to demonstrate over the time periods of interest, ie, hundreds to thousands of years. Plugs ( o r the conceptually more flow-restrictive term ltsealll), in this paper, are discussed on the basis that some small leakage is acceptable.
Specific objectives within the Plugging and Sealing program are designed to address the following questions regarding plug performance.
-7-1. Are the candidate materials under consideration for sealing suitable for long term flow restrictions within the intended formations?
.
To what extent do these materials actually limit flow and given these limited flows, what is the magnitude of any potential release of radionuclides to the biosphere and the subsequent effect on public health and safety?
How confident can we be in the measured performance of these plugs and for how long?
. 0 -Materials for Seals Within the Host-Rock Formations
One condition that enhances the performance of a fluid barrier is the similarity of a material to its host rock. The more nearly a plugging material resembles o r replicates its host rock, the greater the likelihood of forming and maintaining a seal. I f replication cannot be completely achieved, then the barrier should be compatible thermodynamically and mechanically with the host rock to lessen reactions with the formation in which it is emplaced. Complete compatibility between barrier and host rock may not be necessary (or possible) in all cases, but the sealing goal i s selection of materials that most completely satisfy the sealing (ie, restriction of fluid flow) condition. Proposed seals can then be evaluated with respect to facility integrity and public safety.
-8 -
Plugging materials are proposed to be compatible with the various strata (based on existing drillhole logs) at the WIPP site ( Figure 1 ) . The left-hand side of Figure 1 shows the formations; the right-hand side suggests candidate plugging materials which are described in the following paragraphs.
the surface down to the Rustler Formation (labeled as Dewey Lake Redbeds) consists of the Cenozoic alluvium (Gatuna Fur, Santa Rosa S S ) and sandstones, siltstones, and mudstones through the Dewey Lake Salado:
In the Salado Formation, the natural plugging material is Alternatively, a brine-based grout seal could be considered in the Salado, where using brine would lessen the effects of salt dissolution during emplacement. This seal sets up quickly, providing a low-permeability barrier in the formation that limits the capability of the wellbore to transmit fluids. While this plug could never be fully integrated geochemically within the formation, with proper selection of materials it may form a relatively "inert" geochemical inclusion in the host rock. The addition of a grout plug could reasonably be expected to maintain at least a short-term protective seal; its long term (ie, 500 to 1000's of years) performance is presently less predictable than for natural halite plugs.
-13-
The modular concept using both grout and salt plugs should provide the best overall combination.
Cast i le :
In the Castile Formation, the rock type is largely anhydrite. Those wellbores drilled by DOE and not included within Conditions 1 o r 2 inside the Zone 4 boundary.
Conditions 1 and 2 address those penetrations which must be considered in light of the 1000-ft or 5000-ft rule relating to facility integrity and/or public safety. Application o f the WPC to these penetrations will ensure that minimum statutory requirements are met and will provide for enhanced isolation in the immediate vicinity of the waste storage horizon. Condition 3 ensures that the minimum statutory requirements are met for those penetrations which do not constitute a threat to either the facility o r public safety.
It is reiterated that the application o f the appropriate criteria will be coordinated between the USDOE and the State of New Mexico prior to permanent abandonment of any penetration as required by statute.
-2 2 -Candidate wellbores to which these criteria have been applied are listed in Appendix A. However, plugging operations will be governed by the actual formation depth determined from the wellbore logs. 1" -29-
Appendix A L i s t of E x i s t i n g B o r e h o l e s W i t h i n Zone 4 of t h e WIPP S i t e T h a t Were C o n s i d e r e d f o r A p p l i c a t i o n s of t h e WIPP P l u g g i n g C o n d i t i o n s and C r i t e r i a WIYP S i t e E x p l o r a t i o n P e n e t r a t i o n s
Zone 1 TD CondiDes i g n a t i o n ( f t ) t i o n A l l s h a f t p e n et r a t i . Hydro 5B
Hydro 5C Hydrio 6A
Hydro 6B
Hydro 6C P-7 P-8 P-10 P-11 P-12 P-13 P-14 8  4776  4475   4150   WPC   3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3   3   3  3   3   3  3  3  3  9  3  3  3  3  3  3  3  3  3  3   3  3  3 
C a s i n g t o 4 7 7 ' C a s i n g t o 6 1 0 ' C a s i n g t o 7 7 5 ' C a s i n g t o 8 8 1 ' C a s i n g t o 1 0 2 4 ' C a s i n g t o 4 7 5 ' C a s i n g t o 5 9 0 ' C a s i n g t o 6 9 9 ' P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d C a s i n g t o 7 7 5 ' ; P l u g g e d t o 7 7 5 ' C a s i n g t o 6 3 5 ' P l u g g e d t o 6 2 0 ' P l u g g e d C a s i n g t o 7 5 0 ' P l u g g e d t o 7 3 1 ' C a s i n g t o 1 1 3 8 ' ; P l u g g e d t o 1 1 2 5 ' P l u g g e d Plugged P l u g g e d C a s i n g t o 9 8 5 ' C a s i n g t o 111' C a s i n g t o 3 8 ' C a s i n g t o 3 8 ' P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d P l u g g e d / a b a n d o n e d T e m p o r a r i l y abandoned C o t t o n Baby T e m p o r a r i l y abandoned C a b i n Baby Figure 131 . We assume that the salt formation is 1000 ft thick and contains an 8" diameter plugged wellbore. This plug is assumed to perform in the same fashion as the BCT plug where the following results were obtained: Flow rate was 600 cc/day through a 6-ft-long 8" diameter grout plug being pressurized by a 2000 psi brine source. where we h a v e assumed t h a t b o t h t h e p l u g a n d f l u i d p r o p e r t i e s i n e a c h c a s e a r e t h e same a s i s t h e s o u r c e p r e s s u r e . Then f o r a p l u g l e n g t h IaP = 1 2 0 ' compared t o t h e BCT p l u g l e n g t h LBCT = 6 ' , 3 ( 6 0 0 c c / d a y ) = 30 c c / d a y -1 . 0 x f t / d a y QP = Tzu F u r t h e r , a s s u m i n g Q , i s a f r e s h w a t e r f l o w r a t e t h r o u g h t h e p l u g i n t o t h e s a l t , and a s s u m i n g i n s t a n t a n e o u s d i s s o l u t i o n of t h e s a l t upon c o n t a c t w i t h t h e f r e s h w a t e r , on a p e r volume b a s i s , on t h e u n d e r of 20 p e r c e n t d i s s o l u t i o n of s a l t c a n b e e s t i m a t e d . T h a t i s T h u s , w e see t h a t for a p l u g s i m i l a r t o , b u t l o n g e r t h a n , t h e BCT plu:g, t h e newly c r e a t e d volume p e r c u b i c f o o t o f f r e s h w a t e r i n t r u s i o n i s a b o u t 0 . 1 f t / y e a r . T h u s , a p l u g t h a t i s 1 0 times 3 less c o m p e t e n t t h a n t h e 5 0 m i c r o d a r c y BCT p l u g w i l l h a v e a 1 f t / y e a r w e l l b o r e g r o w t h r a t e ; i f i t i s 1 0 0 times l e s s c o m p e t e n t ( 5 m i l l i d a r c i e s ) , t h e w e l l b o r e g r o w t h r a t e w i l l b e 1 0 f t / y e a r . -36-For argument's sake, and to account for possible long term degradation of item plug from 50 microdarcies at emplacement, let us assume the 5 md plug performance and estimate the time it will take to expand the wellbore radially to 50 ft over the full 1000 ft length which corresponds to a 1 0 percent effect on the 1000 f t separation condition.
For an initial wellbore diameter of 8 inches, 1000 ft long, the 3 volume i s 350 ft . At some time later the wellbore is assumed to have expanded radially to 5 0 ft so that the new volume is 8 million ft . Neglecting the initial volume as trivial compared to theL new volume, and at a growth rate of 10 ft /year, it will take 800,000 3 3 years to achieve this growth. As a matter of practical experience, 5 ind plugs can easily be constructed with present technology. Similarly, the assumption of a 2000 psi source pressure differential across the plug cannot be achieved. Hydrostatic testing a t the WIPP site has established that the head differential between the upper and lower aquifers is on the order of 10's of ft s o that actual source pressure differentials are of the order of 10's of psi rather than the assumed 2000 psi. Note also that this upper/lower aquifer connection is restricted by the 5000 ft rather than the 1000 f t .
condition. Thus, on a worst case basis, assuming a 2000 psi differential across a 5 md plug, 120 ft long, an assumed radial growth of 50 ft reflects a 1-2 percent effect on t h e suggested 5000 ft separation condition. Thus, to get a 10 percent effect requires 4 million years, and projections f o r periods of this magnitude are -3 7 -beyond all reasonable engineering experience. Additionally, the observations of large scale vertical connections, between aquifers in this region, ie, breccia pipes, shows that lateral dissolution does not continue to grow over large distances ( > l o 0 0 feet) and even the vertical permeability is eventually reduced and flow eliminated.
Clearly, even with these simplistic estimates, a restrictive plug, performing in the few millidarcy regime, can provide facility and publlic safety protection for times on the order of millions of years. Longer and tighter plugs can extend this period by orders of magnitude, the same magnitude of time for which the waste material lifetimes are of concern.
CaLlculations based on site specific parameters regarding plug flows aire planned within the plugging and sealing program which will further refine the expected plug protection periods.
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